A Simple Model of Direct Gauge Mediation of Metastable Supersymmetry
  Breaking by Haba, Naoyuki & Maru, Nobuhito
ar
X
iv
:0
70
9.
29
45
v2
  [
he
p-
ph
]  
10
 N
ov
 20
07
OU-HET 587/2007
KOBE-TH-07-08
A Simple Model of Direct Gauge Mediation
of Metastable Supersymmetry Breaking
Naoyuki Haba∗1 and Nobuhito Maru†2
∗Department of Physics, Osaka University, Toyonaka, Osaka 560-0043, Japan
†Department of Physics, Kobe University, Kobe 657-8501, Japan
Abstract
We construct a model of direct gauge mediation of metastable SUSY breaking by simply
deforming the Intriligator, Seiberg and Shih model in terms of a dual meson superpotential
mass term. No extra matter field is introduced. The deformation explicitly breaks a
U(1)R symmetry and a pseudo moduli have a nonzero VEV at one-loop. Our metastable
SUSY breaking vacuum turns out to be sufficiently long-lived. By gauging a subgroup
of flavor symmetry, our model can directly couple to the standard model, which leads
to nonvanishing gaugino mass generation. It is also shown that our model can evade
the Landau pole problem. We show the parameters in the SUSY breaking sector are
phenomenologically constrained.
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1 Introduction
Dynamical supersymmetry (SUSY) breaking is a convincing scenario to solve the gauge
hierarchy problem [1]. According to Witten index [2], the models of dynamical SUSY
breaking were limited to the chiral models since the vector-like models except for the
models discussed in [3, 4] do not break SUSY similar to super Yang-Mills theories. Build-
ing such chiral models with dynamical SUSY breaking was very troublesome. Once one
can obtain SUSY breaking models, the next issue is how to transmit the SUSY breaking
to our real world. The gauge mediation where the SUSY breaking effects are transmitted
to our world by the Standard Model(SM) gauge interactions is one of the attractive frame-
work since the gauge interaction is flavor-blind, thus there is no SUSY FCNC problem
[5, 6]. If we try to communicate the SUSY breaking directly to our world by gauging
a subgroup of the flavor symmetry in the chiral SUSY breaking models known before
and identifying it with the SM gauge group, it is likely that the QCD coupling blows up
below the GUT scale [7]. This is because the number of color is always larger than the
flavor number in such chiral SUSY breaking models, which leads to the large number of
messengers. This led to the introduction of the messenger sector [6], but the sector was in
general quite complicated. Some models of direct gauge mediation avoiding the Landau
pole problem were constructed so far [8]-[14].
Recently, Intriligator, Seiberg and Shih (ISS) have discovered a metastable SUSY
breaking vacuum in N = 1 massive (but light) SUSY QCD in a free magnetic phase [15].
The typical model is an N = 1 SUSY SU(Nc) gauge theory with massive (but light) Nf
quark chiral multiplets in the range Nc < Nf <
3
2
Nc [16]. In spite that the SUSY breaking
vacuum is metastable, their finding is quite remarkable in that it opened a new avenue to
overcome the two major difficulties mentioned in the previous paragraph. First, the model
building becomes very easy since the ISS models are vector-like. Second, we can guess
that the Landau pole problem is relaxed since the ISS models has a large flavor number
comparing to the number of color, which reduces the number of messengers. Motivated
by the proposal of ISS, extensive researches on the metastable SUSY breaking have been
carried out in various viewpoints [17]-[36].
There is, however, a serious problem in the ISS model. U(1)R symmetry is unbroken
at the metastable SUSY breaking vacuum, which implies that the gauginos cannot ob-
tain a Majorana mass. How the U(1)R is broken is the first step to the model building
of metastable SUSY breaking. Some models of direct mediation of metastable SUSY
breaking with broken U(1)R symmetry have been proposed using the inverted hierarchy
mechanism [20, 24] and the explicit U(1)R breaking superpotential term [21, 34].
In this paper, we construct a direct gauge mediation model of metastable SUSY break-
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ing by simply deforming the ISS model in terms of a dual meson superpotential mass term.
No extra matter is introduced. The deformation explicitly breaks U(1)R symmetry. We
show that the vacuum expectation value (VEV) of the pseudo moduli is located at the
nonzero value and messenger fields obtain SUSY masses through the Coleman-Weinberg
potential. Our metastable SUSY breaking vacuum turns out to be sufficiently long-lived.
Gauging a subgroup of the flavor symmetry and identifying it with the SM gauge group,
the direct gauge mediation is realized and nonvanishing gaugino masses are generated. We
also find that Landau pole problem can be avoided. These analyses show the parameters
in the dynamical SUSY breaking sector are phenomenologically constrained.
2 Model
In this section, we consider a metastable SUSY breaking model of ISS deformed by a dual
meson superpotential mass term which breaks a U(1)R explicitly. The model is an N = 1
SUSY SU(Nf −Nc) gauge theory with Nf flavor dual quarks q, q˜ and the gauge singlet
M couples to the dual quarks in the superpotential, which is a free magnetic description
of SUSY SU(Nc) gauge theory with massive Nf flavors. The superpotential and Ka¨hler
potential are given by
W = Tr(qMq˜) +m2TrM +
ǫ
Λ
Tr(qq˜)2, (1)
K = M †M + q†q + q˜q˜†, (2)
where m and Λ are dimensionful parameters and ǫ is a dimensionless parameter. The
ISS model is just deformed by the last term in the superpotential (1), which explicitly
breaks the U(1)R symmetry. Note that the simplest deformation by the term Trqq˜ does
not change the physics in the ISS model, namely the U(1)R is unbroken even at one loop
level since this term can be absorbed into the first term in (1) by the constant shift ofM .
Parametrizing M , q, q˜ and m as,
M =
(
Y Z
Z˜ Φ
)
, q =
(
χ
ρ
)
, q˜ =
(
χ˜
ρ˜
)
, m =
(
mδab 0
0 m˜δAB
)
(3)
where a, b = 1, · · · , Nf − Nc and A,B = 1, · · · , Nc and we assumed m to be in the block
diagonal form. The superpotential and Ka¨hler potential are decomposed as
W = Tr
[
χY χ˜+ χZρ˜+ χ˜Z˜ρ+ ρΦρ˜ +m2Y + m˜2Φ
]
+
ǫ
Λ
Tr
[
(χχ˜)2 + (χρ˜)(χ˜ρ) + (χχ˜)(χρ˜) + (χρ˜)(ρρ˜) + (ρχ˜)(χχ˜)
+(ρρ˜)(ρχ˜) + (ρχ˜)(χρ˜) + (ρρ˜)2
]
, (4)
K = |Y |2 + |Z|2 + |Z˜|2 + |Φ|2 + |χ|2 + |ρ|2 + |χ˜|2 + |ρ˜|2. (5)
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Let us study the vacuum structure at the classical level. Using the degree of freedom of
the symmetries SU(N) × SU(Nf )× SU(Nf ), we can take the VEVs of the matter fields
in the following block diagonal form, namely Z = Z˜ = ρ = ρ˜ = 0, and
M =
(
Yabδab 0
0 ΦABδAB
)
, q =
(
χabδab
0
)
, q˜ =
(
χ˜abδab
0
)
. (6)
Note that the gauge symmetry SU(Nf−Nc) is completely broken in this vacuum. Putting
these VEVs into F-flatness conditions leads to
0 =
∂W
∂Y
= χχ˜+m2, (7)
0 6= ∂W
∂Φ
= m˜2, (8)
0 =
∂W
∂χ
=
[
Y +
2ǫ
Λ
(χχ˜)
]
χ˜, (9)
0 =
∂W
∂ρ
=
ǫ
Λ
χ˜(χχ˜), (10)
0 =
∂W
∂χ˜
=
[
Y +
2ǫ
Λ
(χχ˜)
]
χ, (11)
0 =
∂W
∂ρ˜
=
ǫ
Λ
χ(χχ˜). (12)
The second equation FΦ 6= 0 shows that SUSY is spontaneously broken. Its fermionic
component ψΦ is a Nambu-Goldstone fermion and eaten by the gravitino when the grav-
itational coupling is switched on.
The scalar potential at tree level is given by
Vtree = |χχ˜+m2|2 + |m˜2|2 +
[∣∣∣∣Y + 2ǫΛ χχ˜
∣∣∣∣
2
+
∣∣∣∣ ǫΛ(χχ˜)
∣∣∣∣2
]
(|χ|2 + |χ˜|2). (13)
This potential has a local minimum with
Y +
2ǫ
Λ
χχ˜ = 0 (14)
and a local maximum with
|χ| = |χ˜| = 0, Y (arbitrary) (15)
where Y is undetermined at tree level. From now, we focus on the case (14). The
minimization conditions in this case is given by
0 = χχ˜+m2 + 2
(
ǫ
Λ
)2
χχ˜|χ|2 +
∣∣∣∣ ǫΛχχ˜
∣∣∣∣2 (16)
where D-flat condition |χ| = |χ˜| is used. Expanding VEVs as
χχ˜ = −m2 + ǫ(χχ˜)1 + ǫ2(χχ˜)2 +O(ǫ3), (17)
Y =
2ǫ
Λ
m2 +O(ǫ3), (18)
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where (χχ˜)1,2 denotes O(ǫ1,2) part of χχ˜, we obtain
(χχ˜)1 = 0, (19)
(χχ˜)2 =
m2
Λ2
(2|χ|2 −m2) ≈ m
4
Λ2
. (20)
The vacuum energy Vlocal minimum at the local minimum (14) and Vlocal maximum at the local
maximum (15) can be calculated as
Vlocal minimum = (Nf −Nc)|〈O(ǫ2)〉|2 +Nc|m˜2|2 + (Nf −Nc)2ǫ
2
Λ2
m6, (21)
Vlocal maximum = (Nf −Nc)|m2|2 +Nc|m˜2|2, (22)
which will be necessary to compute the lifetime of our metastable SUSY breaking vacuum.
3 Calculation of Coleman-Weinberg potential for the
pseudo-moduli Φ
At tree level, 〈Φ〉 is undetermined since Φ does not appear in the tree level potential.
Because of FΦ 6= 0, if the 〈Φ〉 is lifted at the finite value by one-loop quantum corrections,
SUSY breaking can be transmitted to the MSSM sector. To study the issue, we have to
compute a Coleman-Weinberg potential for the moduli Φ. All the massive fields at tree
level contribute to the potential. Since we are interested in the moduli Φ, we focus on the
massive fields, ρ, ρ˜, Z, Z˜, whose masses depend on the VEV of Φ.
The mass matrix for their bosonic components is calculated as
(ρ†, ρ˜†, Z†, Z˜†)M2B


ρ
ρ˜
Z
Z˜

 , M2B ≡
(
W †ikWkj W
†ijkWk
WijkW
†k WikW
†kj
)
, (23)
where
W †ikWkj ≈


m2 + |Φ|2 4
(
ǫ
Λ
)2
m4 mΦ 0
4
(
ǫ
Λ
)2
m4 m2 + |Φ|2 0 mΦ
mΦ† 0 m2 0
0 mΦ† 0 m2

 , (24)
W †ijkWk ≈


2
(
ǫ
Λ
)2
m4 m˜2 0 mY
m˜2 2
(
ǫ
Λ
)2
m4 mY 0
0 mY † 0 0
mY † 0 0 0

 (25)
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where Wa ≡ ∂W/∂φa etc. The corresponding mass matrix for fermionic componentsMF
are obtained by taking the zero limit of SUSY breaking m˜2 = 0. The parameter range
without tachyonic messenger mass squareds is given as follows.
− 1 + m˜
2
m2
±O(1)ǫ2
(
m
Λ
)2
< 4ǫ
m
Λ
Φ
m
< +1 +
m˜2
m2
±O(1)ǫ2
(
m
Λ
)2
. (26)
We search for a local minimum with nonvanishing VEV of the pseudo moduli Φ in this
range of parameters.
The Coleman-Weinberg potential is defined as
V1−loop =
1
64π2
Tr
[
M4B ln
M2B
Λ2
−M4F ln
M2F
Λ2
]
(27)
where Λ is a cutoff scale. All massive fields except for a pseudo-moduli Φ contribute
to the Coleman-Weinberg potential. Y, χ, χ˜ have O(m) masses. ρ, ρ˜, Z, Z˜ have masses
depending on the 〈Φ〉 and the masses are turned out to be m± ∼ O(m) or O(0.1m)
discussed later. We found that the minimum is shifted from the origin. One example is
shown in Fig. 1 of section 6. In this numerical computation, we took all parameters to
be real. As a consistency check, taking the limit ǫ = 0, m˜2 = m2, we confirmed that the
ISS results 〈Φ〉 = 0 is reproduced.
4 Mediation of Metastable SUSY breaking
In the previous section, we found 〈Φ〉 6= 0 at 1-loop, which implies that the gaugino mass
can be generated if ρ, ρ˜ are identified with messengers and the standard model gauge
group is embedded in the unbroken subgroup of the flavor symmetry SU(Nc).
In our case, the mass matrix for the messengers takes of the form
W ⊃ (ρ, Z)
(
Φ− 2 ǫ
Λ
m2 m
m 0
)(
ρ˜
Z˜
)
≡ (ρ, Z)M
(
ρ˜
Z˜
)
. (28)
The leading gaugino masses at the linear order of SUSY breaking FΦ are given by the
formula mλi =
g2
i
(4π)2
NFΦ
∂
∂Φ
logdetM where N is a flavor number of messengers. Note that
this leading gaugino masses vanish because detM does not depend on Φ in (28).
Then, the gaugino masses in our case are generated at one-loop by the cubic order of
SUSY breaking O(F 3Φ) [37]. On the other hand, the sfermion masses are generated in a
usual gauge mediation form:
mλi ≈ (Nf −Nc)
αi
4π
(〈FΦ〉
〈Φ〉2
)2 〈FΦ〉
〈Φ〉 ∼ (Nf −Nc)
αi
4π
(
m˜
m
)6
m, (29)
m2
f˜
≈ (Nf −Nc)Ci
(
αi
4π
)2 (〈FΦ〉
〈Φ〉
)2
∼ (Nf −Nc)Ci
(
αi
4π
)2 (m˜
m
)4
m2, (30)
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where αi are fine structure constants for the standard model gauge group i = SU(3)C ,
SU(2)L, U(1)Y . Ci are the corresponding quadratic Casimir coefficients. We can see that
the sfermion masses are heavier than the gaugino masses,
mf˜
mλ
∼
√
Ci
Nf −Nc
(
m
m˜
)4
. (31)
To avoid a huge hierarchy between the gaugino masses and the sfermion ones, the ratio
m˜2/m2 must be at most 0.1. Otherwise, the large one-loop corrections to Higgs mass by
the third generation squarks require unnatural tuning of parameters to solve the gauge
hierarchy problem. To obtain mλ ∼ O(100 GeV), we need
(
m˜
m
)6
m ∼ 10 TeV. (32)
For instance, the sfermion masses become 10 TeV for m˜2/m2 ∼ 0.1.
The gravitino mass, which is the lightest superparticle in the gauge mediation, is
estimated as
m3/2 ≃ FΦ√
3MP
∼ 10−11
(
m
m˜
)10
GeV (33)
where MP is a reduced Planck scale 2.4 × 1018 GeV. For instance, the gravitino mass
becomes m3/2 ∼ 1 keV for m˜2/m2 ∼ 0.1, which avoids the gravitino problem [38].
5 The lifetime of the Metastable vacuum
We have to check whether our SUSY breaking vacuum is long-lived compared to the age
of universe since our SUSY breaking vacuum is not a global minimum of the potential but
a local one. To estimate the decay rate from our false vacuum to the true SUSY vacuum,
we need the VEV of a SUSY vacuum.
Let us consider the case 〈M〉 6= 0 where the dual quarks q, q˜ are decoupled in the
low energy effective theory below the scale 〈M〉. In other words, the low energy effective
theory is an SU(Nf −Nc) super Yang-Mills theory.
SUSY conditions for q, q˜ are
0 =
∂W
∂q
=
(
M + 2
ǫ
Λ
qq˜
)
q˜, (34)
0 =
∂W
∂q˜
= q
(
M + 2
ǫ
Λ
qq˜
)
. (35)
We find two vacua.
q = q˜ = 0 (vacuum (i)), M + 2
ǫ
Λ
qq˜ = 0 (vacuum (ii)). (36)
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In the vacuum (i) case, the effective superpotential becomes
Weff = m
2TrM + (Nf −Nc)Λ3L = m2TrM + (Nf −Nc)[Λ3(Nf−Nc)−NfdetM ]
1
Nf−Nc (37)
where ΛL is a dynamical scale of SU(Nf−Nc) super Yang-Mills theory and the second term
is generated by the gaugino condensation of super Yang-Mills theory. 1-loop matching
condition for the holomorphic gauge coupling at the scale 〈M〉,
Λ
3(Nf−Nc)
L = Λ
3(Nf−Nc)−NfdetM (38)
is used in the second equality. SUSY condition for M
0 =
∂Weff
∂M
= m2 + Λ
3(Nf−Nc)−Nf
Nf−Nc (detM)
1
Nf−Nc /M (39)
tells us that the SUSY vacuum is located at
〈M〉 ∼
(
m
Λ
) 2(Nf−Nc)
Nc
Λ. (40)
In the vacuum (ii) case, the effective superpotential takes the form
Weff = − Λ
4ǫ
TrM2 +m2TrM + (Nf −Nc)Λ3L
= − Λ
4ǫ
TrM2 +m2TrM + (Nf −Nc)[Λ3(Nf−Nc)−NfdetM ]
1
Nf−Nc . (41)
SUSY condition for M
0 =
∂Weff
∂M
= − Λ
2ǫ
M +m2 + Λ
3(Nf−Nc)−Nf
Nf−Nc M
Nc
Nf−Nc (42)
provides
〈M〉 ∼
(
1
2ǫ
) Nf−Nc
2Nc−Nf
Λ (43)
where m2 in the SUSY condition is neglected.
We are now in a position to estimate the decay rate from the false vacuum to the true
vacuum. The necessary ingredients to estimate are the potential height Vpeak and the
distance between the false vacuum and the true one in the field space ∆Φ. In our case,
the potential height at the corresponding local maximum
〈Φ〉 ≃ m, 〈Y 〉 = 2ǫ
Λ
m2, |χ| = |χ˜| = 0 (44)
is
Vpeak = (Nf −Nc)|m2|2 +Nc|m˜2|2 ≈ |m2|2. (45)
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The field distance between two vacua is
∆Φ ≈ 〈M〉SUSY vacuum =


(
m
Λ
) 2(Nf−Nc)
Nc Λ (vacuum (i)),(
1
2ǫ
) Nf−Nc
2Nc−Nf Λ (vacuum (ii)).
(46)
Then, the bounce action is estimated as
S ∼ (∆Φ)
4
Vpeak
∼


(
Λ
m
)4−8(Nf−Nc)/Nc ≫ 1 (vacuum (i)),(
1
2ǫ
)4(Nf−Nc)/(Nc−(Nf−Nc)) ( Λ
m
)4 ≫ 1 (vacuum (ii)). (47)
The bounce action can be parametrically large as long as we take m/Λ≪ 1.
For instance, let us consider the case m/Λ = 0.1, ǫ = 1, Nf = 6 and Nc = 5 which
gives the most stringent bound, then we obtain
S > 102.4 (vacuum (i)), 4× 103 (vacuum (ii)). (48)
The lifetime of the metastable vacuum can be obtained
τ ∼ eS > e251 (vacuum (i)), e4000 (vacuum (ii)) (49)
which implies that our SUSY breaking vacuum is sufficiently long-lived compared to the
age of the universe (∼ e40).
6 Landau pole analysis
In this section, we examine whether the QCD coupling constant at the GUT scale is
perturbative or not when the standard model gauge group is embedded in the unbroken
subgroup of the flavor symmetry SU(Nc).
One-loop gauge coupling RGE is given by
g−2i (µ) = g
−2
i (µ
′) +
bi
8π2
ln
(
µ
µ′
)
(50)
where bi is one-loop beta function coefficient of the gauge group i = SU(3)c, SU(2)L, U(1)Y .
The one-loop beta function coefficients for QCD coupling at various scales are listed
below.
µ < mλ : b3 = b
SM
3 = 7
mλ < µ < mf˜ ∼ (m/m˜)4mλ : b3 = bSM3 −
2
3
× 3 = 5
mf˜ ∼ (m/m˜)4mλ < µ < m− : b3 = bMSSM = 3
m− < µ < m+ : b3 = b
MSSM
3 − bΦ3 − (Nf −Nc) = −(Nf −Nc)
m+ < µ < Λ : b3 = −2(Nf −Nc) (51)
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where bSM, bMSSM are the QCD one-loop beta function coefficients for the standard model
and the minimal SUSY standard model. ± of m± means that the sign of the square root
in the mass eigenvalues for messengers. Numerically, it is roughly m+ ∼ m,m− ∼ 0.1m.
Φ is an adjoint representation under SU(Nc), which gives b
Φ
3 = 3 for QCD color gauge
group SU(3)c. Here we use the numerically obtained mass mΦ ∼ 0.1m.
Taking the following values
Λ =MGUT ∼ 1016 GeV, g
2
3(MZ)
4π
∼ 0.18, (52)
and one-loop beta function coefficients obtained above, the QCD coupling is expressed as
α3(MGUT)
−1 ∼ 8.5− 1
2π
[
−0.74 + {13 + 6(Nf −Nc)} ln
(
m˜
m
)2
+2.3 {25(Nf −Nc)− 3}] . (53)
Requiring that the QCD coupling constant is perturbative at the GUT scale, the con-
straint for the flavor number of messengers Nf −Nc and m˜2/m2 can be found,
α3(MGUT) < 1⇔ [13 + 6(Nf −Nc)] ln
(
m˜
m
)2
+ 57.5(Nf −Nc) < 61.1. (54)
The examples satisfying (54) are Nf − Nc ≤ 2 for (m˜/m)2 = 0.1 and Nf − Nc ≤ 4 for
(m˜/m)2 = 0.01. The smaller (m˜/m)2 allows a larger number of messengers Nf −Nc, but
the hierarchy between the gaugino masses and the sfermion ones becomes larger. Thus,
Nf −Nc = 1, 2 (55)
are phenomenologically favorable. It is important to mention the differences between
our model and the other relevant models that Landau pole problem is avoided when the
embedding of the standard model gauge group in SU(Nf − Nc) not in SU(Nc) in the
model [21] and cannot be avoided in the model [34]. Taking into account the facts that
the free magnetic description is valid for Nc + 1 ≤ Nf < 32Nc and SU(Nc) embedding of
the standard model gauge group is possible only for Nc ≥ 5, the allowed ranges of the
number of colors and flavors are found
5 ≤ Nc, 6 ≤ Nf < 3
2
Nc. (56)
A numerical result for a metastable SUSY breaking minimum found in this analysis
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is summarized in the table and Fig. 1 below.
〈Φ〉/m −1.18 −1.18
m˜2/m2 0.1 0.1
ǫ 1 1
m/Λ 0.1 0.1
mλ (GeV) 100 100
mf˜ (TeV) 10 10
lifetime ≫ τ0 > τ0(Nc ≥ 8)
Nf −Nc 1 2
Here τ0 means the age of universe. The constraint of color number in Nf − Nc = 2 case
-1.24-1.22 -1.18-1.16-1.14-1.12-1.1
-0.22645
-0.22635
-0.2263
-0.22625
-0.2262
-0.22615
Figure 1: One-loop Coleman-Weinberg potential for the pseudo moduli Φ. The vertical
axis denotes V1−loop/m
4, and the horizontal axis does Φ/m.
comes from the lifetime of our metastable SUSY breaking vacuum (decay to the vacuum
(i)) and the allowed region from Landau pole analysis,
(
Λ
m
)4−8(Nf−Nc)/Nc
> 40. (57)
No constraint for the number of color arises from the decay to the vacuum (ii).
7 Summary
We have constructed a model of direct gauge mediation of metastable SUSY breaking by
simply deforming the ISS model in terms of a dual meson superpotential mass term, which
breaks an U(1)R explicitly. No extra matter field is introduced. It was shown that the
VEV of the pseudo moduli Φ is shifted at the finite value through the Coleman-Weinberg
potential for the pseudo moduli. The lifetime of our metastable vacuum was turned out
to be sufficiently long compared to the age of universe as long as m/Λ≪ 1. By gauging
a subgroup of the flavor symmetry SU(Nc), the direct gauge mediation was realized. In
our model, the sfermion masses are heavier than the gaugino masses. Typically, sfermion
masses are 10 TeV corresponding to the SUSY breaking scale of order 106 GeV. The
condition for the QCD coupling to be perturbative at the GUT scale was derived and it
10
is found that Landau pole problem can be avoided. From these analysis, the parameters
in the SUSY breaking sector have been phenomenologically constrained.
It is deserved to pay an attention that our simple deformed ISS model provides a phe-
nomenologically viable model of the direct gauge mediation of metastable SUSY breaking.
Introducing only the term Tr(qq˜)2 among the same order other operators is just an as-
sumption, but might be explained from the view point of brane picture. We can say
at least that SUSY is not restored even if more general higher dimensional operators
Tr(qq˜)n (n : integer more than 2) are added to the superpotential since SUSY breaking
condition ∂W/∂Φ 6= 0 is unchanged. This tells us that our conslusion obtained in this
paper is essentially unchanged. Adding the operators including M to the superpotential
would spoil our conslusion since SUSY is restored. We hope that our model discussed in
this paper will shed some insights for further studies on the model building of metastable
SUSY breaking.
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